The study of this paper was to determine the plastic zone dimension at the crack tip by the experimental method of caustics. The caustics shape at the crack tip depends on plastic zone which is small for brittle materials and large for ductile ones. The plastic zone dimensions depends on the crack length, the plates thickness and the loading level. The experimental method of caustics is an excellent tool for the plasticity and stress intensity factors evaluation of loaded cracked structures.
INTRODUCTION
The optical method of caustics is suitable for the experimental study of singularities in stress fields created either by geometric discontinuities or by loading. For many crack problems, the stress intensity factors at the crack-tip were calculated by caustics [1] [2] [3] . According to the method of caustics, the light rays impinging normally at the thin plate are partly reflected from either the front or the rear faces of the plate. The reflected rays are deviated because of the important constraint of the plate at the vicinity of the applied concentrated load and the significant variation of the refractive index there. The deviated light rays, when projected on a reference screen, are concentrated along a singular curve which is strongly illuminated and forms a caustic. It was proved that the shape and size of the caustic depend on the stress singularity at the point of application of the load. The initiation of crack propagation is essential for security problems. The study of initiation of crack propagation is presupposed the extension of the plastic zone at crack tip. Among the experimental techniques used to investigate the neighborhood of a crack tip, optical methods are widely employed, as the interferometry, photoelasticity and caustics. The method of reflected and transmitted caustics has been used to determine the static and dynamic stress intensity factors for elastic materials, Manogg [1] , Theocaris [2] , Papadopoulos [3] , Spitas et. al. [4] and Badalouka et al. [5] . Recent work, Unger et al. [6] and Hedans et al. [7] , has demonstrated that the method of caustics can be used to study the plasticity around the crack tip. The aim of this work is to study the dependence of the caustic shape on the plastic zone and to show that the optical method of caustics can be used to determine the extension of the plastic zone ahead of the crack tip. 
METHOD OF REFLECTED CAUSTICS
The optical method of caustics is able to transform the stress singularity into an optical singularity, using the geometric reflection laws. For divergent light beam the reflected light rays from front (f) and rear (r) plate faces form two caustics, the caustic (f) and the caustic (r). For a cracked isotropic elastic specimen, the parametric equations of the two caustics are [3] :
Caustic (r):
where r of and r or are the radii of initial curves of the caustics, respectively. These radii are given by:
and:
where z o is the distance between specimen and reference plane, d is the thickness of the specimen, m is the magnification ratio of the experimental set-up, z i is the distance between specimen and light beam focus and K I is the stress intensity factor for the mode-I stress state. c r and c f are the material stress-optical constants. The stressoptical constant c f is given by:
where is the Poisson's ratio and E is the material modulus of elasticity. The experimental stress intensity factor K I is estimated by the relation [3] :
where D t is the maximum diameter of the caustic (r).
EXPERIMENTAL PROCEDURE
For the present investigation Lexan (PCBA) specimens with a length of 0.300m , a width of 0.080m and a thickness of d = 0.003m were used during the tensile tests. The edge crack lengths were = 0.028m, 0.040m, 0.056m, 0.069m .
The Lexan stress optical constant was c r = 2.04 10 10 m 2 / N . For divergent light beam, the magnification ratio was m = 4.7179 and the distance between specimen and reference plane was z 0 = 1.45m and the distance between specimen and light beam focus was z i = 0.390m . Fig. (2) illustrates the experimental and plotting caustics corresponding to experiments with tensile stress = 2.37MPa and edge crack lengths a) = 0.028m , b) = 0.040m , c) = 0.056m and d) = 0.069m . As it appears in photos (c) and (d), the caustics became oval. This means that in front of the crack tip a small plastic zone was appearing. In photos (a) and (b) the ratio of the diameters of = 0.040m and tensile stresses a) = 4.9MPa , b) = 6.13MPa , c) = 8.58MPa and d) = 11.03MPa . Fig. (4) illustrates the variation of diameters ratio of the caustic versus the stresses for various edge crack lengths as obtained from tensile experiments. From these curves the effect of the size of plastic zone on the diameters of the caustics can be observed. The diameters ratio is rapidly decreasing (mainly for = 0.069m ) because the longitudinal diameter of the caustic was increased by the plastic zone increased. 
RESULTS AND DISCUSSION
From these curves the effect of the crack length on the values of caustic shape deformation D can be observed (mainly for = 0.069m). for various edge crack lengths as obtained from tensile experiments. The size of the plastic zone R pl.zon. was calculated by the relation:
From these curves the effect of stress on plastic zone size R pl.zon. can be observed. Fig. (8) illustrates the variation of the experimental stress intensity factor K I exp. versus the edge crack length for a stress = 2.37MPa and a specimen width w = 0.080m . The stress intensity factor K I exp. was calculated by the relation (7) for crack length = 0.040m and specimen width w = 0.080m . From this curve a nearly linear variation can be observed for great crack lengths. While, for small crack length a non-linear variation can be observed because a triaxiality stress state was created. = 0.040m and tensile stresses a) = 4.9MPa b) = 6.13MPa c) = 8.58MPa and d) = 11.03MPa . Fig. (4) . Variation of the caustic diameter ratio versus stresses. Fig. (7) . Variation of the plastic zone size per cent ( R pl.zon. % ) in front of the crack tip versus stresses for various edge crack lengths. 9) illustrates the variation of the experimental stress intensity factor K I exp. versus the stresses for crack length = 0.040m and specimen width w = 0.080m . The stress intensity factor K I exp. was calculated by the relation (7) . From this curve a nearly linear variation can be observed for high stresses. The stress intensity correction factor f was calculated by the relation:
From this curve a nearly linear variation can be observed for high ratios / w ( ). While, for small ratios a non-linear variation can be observed because a triaxiality stress state was created.
Fig. (8).
Variation of the experimental stress intensity factor K I exp . versus crack length for stress = 2.37MPa and specimen width w = 0.080m. 
